The histological identification of increased eosinophils in the gastrointestinal tract occurs in numerous clinical disorders; however, there is a limited understanding of the mechanisms regulating eosinophil trafficking into this mucosal surface. The results presented in this study characterize the processes regulating eosinophil homing into the gastrointestinal tract at baseline. Eosinophils were found to be present in the lamina propria of 19-day-old embryos and germ-free adult mice at concentrations comparable to those present in non-germ-free adult mice. Furthermore, eosinophil gastrointestinal levels were not altered by increasing circulating eosinophils after pulmonary allergen challenge. Gastrointestinal eosinophil levels were partially reduced in mice deficient in recombinase activating gene-1 (RAG-1), IL-5, or the β common chain (βc), but these reductions paralleled reductions in circulating eosinophils. In contrast, mice deficient in eotaxin had a marked reduction in gastrointestinal eosinophils but normal levels of eosinophils in the hematopoietic compartments. Furthermore, eotaxin was important for regulating eosinophil levels, even in the presence of high levels of IL-5. These investigations demonstrate eosinophil homing into the gastrointestinal tract during embryonic development occurring independently of viable intestinal flora. Furthermore, eotaxin is identified as the primary regulator of eosinophil gastrointestinal homing under homeostatic states, and may therefore have a fundamental role in innate immune responses.
depending upon the spacing of conserved cysteines. Eosinophil-active chemokines are mainly restricted to members of the CC group, and include monocyte chemoattractant protein-2 (MCP-2), MCP-3, MCP-4, RANTES, macrophage inflammatory protein-1α (MIP-1α), eotaxin, and eotaxin-2 (16) . Eotaxin is a biologically significant eosinophil chemoattractant because it is the most selective eosinophil chemoattractant in vivo identified to date (17) (18) (19) (20) , and neutralization of its activity has profound effects on eosinophil function (21) (22) (23) (24) (25) . In addition, its receptor, CC chemokine receptor-3, is the main chemokine receptor expressed on eosinophils (26) (27) (28) . Eotaxin production is increased in diseased tissues that are characterized by eosinophilic inflammation, including lesions in patients with inflammatory bowel disease (29) , asthma (24, 30) , allergic rhinitis, and nasal polyps (31, 32) ; it is also increased in response to respiratory allergen challenge in animals (16, 17) and humans (31, 33) . In addition, its biological activity is enhanced by IL-5, which increases the circulating pool of eosinophils and primes eosinophils to have enhanced responsiveness to eotaxin (6, 34, 35) .
Figure 1
Immunohistochemical identification of eosinophils in different segments of the gastrointestinal tract of mice. Eosinophils are found in the lamina propria of the stomach (a), duodenum (b), jejunum (c), ileum (d), colon (e), and cecum (f). In the small intestine (b-d), eosinophils are predominantly located in the crypt region. In the duodenum (b), eosinophils are also seen throughout the length of the villus. Eosinophils were not routinely seen in the mucosal or serosal layers. These representative photomicrographs were taken from 129 SvEv mice. Each section is immunostained with anti-MBP antiserum and processed by nickel/cobalt enhancement of peroxidase activity. Eosinophils are indicated by arrows. ×125.
We demonstrated recently that eotaxin is constitutively produced by mononuclear cells in the lamina propria of the mouse lower small intestine (25) . We also showed that eotaxin is critical for the maintenance of eosinophils in this tissue. We now further define the cells, cytokines, and processes that regulate eosinophils throughout the gastrointestinal tract at baseline.
Methods
Mice. Eotaxin-deficient inbred mice of the 129 SvEv strain were maintained with age-and sex-matched controls from Taconic Farms (Germantown, New York, USA) as described (21) . Germfree Black Swiss mice with matched controls were also obtained from Taconic Farms. These mice were verified to be germ free by Taconic Farms by negative growth of fecal samples cultured under both aerobic and anaerobic conditions. Stool was also examined under phase microscopy to verify the axenic status of the animals before shipping the mice in sterile germ-free containers. IL-5 gene-deficient mice (36) were kindly provided along with their F10 matched control littermates by Klaus Matthaei (Australian National University , Canberra, Australia) (8) . These mice were backcrossed into the BALB/c background for 10 generations. Mice transgenic for IL-5 (on a CBA background) were originally obtained from Colin Sanderson (TVW Telethon Institute for Child Health and Research, West Perth, Australia), and were backcrossed into the BALB/c background and analyzed after 4-6 backcrosses (7). IL-5 transgenic mice carrying the eotaxin wild-type or gene-targeted allele were generated by breeding F1 littermates (from eotaxin gene-targeted mice crossed with IL-5 transgenic mice) with eotaxin gene-targeted mice, and screening tail DNA by Southern analysis for the eotaxin gene-targeted allele and the IL-5 transgene. GM-CSF and βc receptor gene-targeted mice (C57BL/6) were kindly provided by Jacquelyn Reed and Jeffrey Whitsett (Children's Hospital Medical Center, Cincinnati, Ohio, USA), Strain-matched wild-type mice and mice containing recombinase activating gene-1 (RAG-1) (BALB/c; ref. 37) or MIP-1α deficiency (C57BL/6; ref. 38) , and their littermate controls, were obtained from The Jackson Laboratory (Bar Harbor, Maine, USA). All mice were housed under pathogen-free conditions and were examined between 10 and 24 weeks of age.
Analysis of gastrointestinal eosinophils. The small intestines of adult mice were divided into the duodenum (2 cm distal to the pylorus), jejunum, and ileum by collecting tissue 7 cm and 2 cm proximal to the cecum, respectively. In perinatal mice, the middle 3-4 cm of the small intestine was harvested. Segments of the gastrointestinal tract were fixed with 4% paraformaldehyde, embedded in paraffin, cut into 5-µm sections, and immunostained with antiserum against mouse eosinophil major basic protein (anti-MBP) as described (25) . Quantification of immunoreactive cells was carried out by 2 different methods. In the duodenum, jejunum, and ileum, eosinophils were counted randomly from the base to the tip of ~20 villi cut in longitudinal sections and expressed as eosinophils per villus/crypt unit. Alternatively, gastrointestinal sections were counted using an ocular micrometer (10 × 10 µm; B & B Microscopes Ltd., Warrendale, Pennsylvania, USA), and eosinophil levels are expressed as the number of eosinophils per squared millimeter.
Blood and bone marrow eosinophil analysis. Peripheral blood parameters were analyzed by automated processing (Cell Dyne model 3500; Abbott Laboratories, Abbott Park, Illinois, USA). The percentage of eosinophils in blood smears was recorded manually by counting 200-300 leukocytes on May-Grün-wald-stained slides. Bone marrow analysis was performed by irrigating each femur with 5 mL PBS (pH 7.4) to isolate femoral marrow leukocytes. Displaced cells were gently resuspended using a 23-gauge needle. Cells were then centrifuged at 400 g at 20°C, and erythrocytes were removed using hypotonic lysis. The cells were recentrifuged, resuspended in PBS, and counted with a Neubauer hemacytometer (Hausser Scientific, Morsham, Pennsylvania, USA) for total cell numbers. Differential cell counts were obtained from cytocentrifuge preparations stained with Diff-Quick (Dade Diagnostics of Puerto Rico Inc., Aguada, Puerto Rico).
Northern analysis. RNA was extracted from gastrointestinal segments using Trizol reagent (GIBCO BRL, Grand Island, New York, USA) following the manufacturer's protocol. Twenty micrograms of total RNA from each sample was processed as described previously (16, 25) . Total lung RNA from IL-4 transgenic Clara cell (CC-10) lung transgenic mice was used as a positive control (39) . Two different sets of animals were used for each organ, except for tongue and esophagus RNA, which was pooled from multiple animals before isolating the total RNA. Film was exposed for 1-2 days.
Allergen treatment of mice. A mouse model of allergic lung disease was established using methods described previously (40, 41) . Bronchoalveolar lavage fluid (BALF) was obtained with 2 replicate volumes (0.8 mL) of normal saline containing 0.5 mM EDTA and wasanalyzed as reported previously (21, 34) .
Statistical analysis. Data are expressed as mean ± SEM. Statistical significance comparing different sets of mice was determined by Student's t test.
Figure 2
Quantitation of gastrointestinal eosinophil numbers in embryonic and perinatal mice. The number of eosinophils (a and c) and CD45 + cells (b and d) residing in the small intestine of wild-type mice was determined in day-19 embryos and in postnatal mice during the first 2 weeks of life. In a and b, cell levels were normalized to the villus/crypt unit. In c and d, cell numbers were normalized to the unit area (mm 2 ) of the lamina propria. The mean ± SEM for littermate 129 SvEv mice (n = 5-12 mice in each group) is shown. In b, there was no significant difference between any of the groups (P > 0.05).
Results

Eosinophils are normal constituents of the gastrointestinal tract.
Eosinophils have been noted to be present at low levels in numerous tissues, but their distribution patterns have not been extensively analyzed. We were therefore interested in examining these cells in mice, because this species would allow unique experimental manipulation. Eosinophils throughout the gastrointestinal tract of conventional healthy mice (untreated mice maintained under pathogen-free conditions) were immunohistochemically identified (25) . Eosinophils were found to be present in the lamina propria of the stomach, small intestine, cecum, and colon ( Figure 1 ). No eosinophils were detected in the esophagus or tongue. This distribution pattern is similar to that observed in humans (4). Eosinophils were found at similar levels in all mouse strains analyzed (BALB/c, C57BL/6, 129 SvEv), predominantly located in the submucosa and not in the mucosal or serosal layers of the gastrointestinal tract. The distribution pattern varied in different regions of the small intestine. In the duodenum, eosinophils were primarily detected through the entire length of villi (Figure 1b ). In the jejunum ( Figure 1c ) and ileum (Figure 1d ), most eosinophils were at the base of villi in the region of the crypt of Lieberkühn.
Eosinophils become localized in the gastrointestinal tract during the perinatal period. We were interested in determining whether eosinophils migrate into the gastrointestinal tract as a normal developmental process during gestation, or migrate during the postnatal period in response to an extrinsic stimulus. Migration during the postnatal period would suggest that factors such as gastrointestinal colonization with bacteria are involved in initiating eosinophil homing. We therefore analyzed the number of intestinal eosinophils in the mice 1 day before birth (embryonic day 19) and during the first 2 weeks postpartum. Prenatal mice had readily detectable eosinophils located in regions similar to those observed in adults (data not shown). Because of the significant morphological differences between the gastrointestinal tracts of perinatal, postnatal, and adult mice, it was necessary to standardize the eosinophil numbers per unit area in order to make comparisons between the experimental groups. First, eosinophil levels were normalized to the villus/crypt unit, a region that is increasing in size during development. Using this normalization, eosinophil levels increased with age ( Figure 2a) . However, when eosinophil levels were normalized to the area of the lamina propria, their concentrations were found to be similar at all ages ( Figure 2c) . As a control, we also examined total leukocytes in the gastrointestinal tract by staining for CD45, a pan-leukocyte marker. CD45 + cells were substantially reduced in the perinatal mice compared with adult mice (Figure 2, b and d) . These data indicate the occurrence of eosinophil homing early in perinatal development.
In an attempt to identify the stimulus for eosinophil homing, we assessed the role of endogenous intestinal bacterial flora on eosinophil homing into the gastrointestinal tract by examining eosinophil levels in germ-free mice. Germ-free mice have never come in contact with viable bacteria and have been shown to have decreased levels of lymphocytes in the lamina propria (42) . These
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Figure 3
Eosinophil levels after pulmonary allergen challenge. Mice (129 SvEv) were challenged with Aspergillus fumigatus allergen intranasally 3 days per week for 3 weeks. Eighteen hours after the last allergen exposure, the mice were sacrificed and the number of eosinophils in the blood (a), BALF (b), and jejunum (c) was analyzed. The data are expressed as mean ± SEM (n = 15-18 mice. mice were received from a commercial source and were immediately analyzed for the level of gastrointestinal eosinophils present before they became colonized. Germfree mice were found to have eosinophil levels that were similar to those in control colonized mice (29 ± 14 vs. 25 ± 6.3 eosinophils/mm 2 [mean ± SEM, n = 5] in germ-free vs. control mice, respectively). Taken together, these results suggest that eosinophil homing into the gastrointestinal tract occurs prenatally and is independent of the presence of viable bacterial flora. Furthermore, eosinophil homing into the gastrointestinal tract appears to be regulated by mechanisms distinct from those regulating other gastrointestinal leukocytes (e.g., mast cells and lymphocytes) that have previously been shown to take at least 1 month to reach adult levels (43) (44) (45) (46) .
Gastrointestinal eosinophils are not affected by pulmonary allergen challenge. We were interested in determining whether the level of gastrointestinal eosinophils was increased in parallel with increases in peripheral blood eosinophils. This would establish whether gastrointestinal levels were directly related to circulating levels of eosinophils, or whether local and specific mechanisms in the gastrointestinal tract were operational. To induce peripheral blood eosinophilia, mice were challenged with repeated intranasal inoculations of Aspergillus fumigatus antigens using a well-established protocol (40, 41) . Aspergillus challenge induced a significant increase in the level of eosinophils in the peripheral blood and BALF; however, no change in the level of gastrointestinal eosinophils was observed (Figure 3) . These results imply the specific involvement of local processes within the gastrointestinal tract in regulating gastrointestinal eosinophil numbers.
Eotaxin is constitutively expressed in the gastrointestinal tract. When the eotaxin cDNA from guinea pigs, mice, and humans was identified, the mRNA for this chemokine was found to be constitutively expressed in a variety of tissues (19, 29, 47) . A finding in all species was that the intestine expressed relatively high levels of eotaxin mRNA; however, the segmental distribution of eotaxin mRNA within the intestine was not examined. Examination of multiple segments of the mouse gastrointestinal tract for expression of eotaxin mRNA indicated that this chemokine was ubiquitously expressed, at variable levels, in all segments (Figure 4) . Notably, the constitutive expression of eotaxin was distinct from the expression of related eosinophil-active chemokines, which were not readily detectable. Only RANTES was detectable, but it was not ubiquitously expressed ( Figure 4) .
Eotaxin is required for baseline eosinophil accumulation throughout the gastrointestinal tract. Data on the expression patterns of eosinophil-active chemokines at baseline indicated that eotaxin might be involved in the selective regulation of eosinophil homing in the gastrointestinal tract. To test this hypothesis, the number of eosinophils in the jejunum of mice deficient in eotaxin was initially examined (21) and shown to be significantly lower than in wild-type mice (25) . We next examined the entire length of the small intestine for the level of tissue eosinophils, and found a marked reduction in the eotaxin gene-targeted mice when the data were normalized per villus and per unit area (Figure 5a ). The duodenum, jejunum, and ileum of wild-type mice had 6.2 ± 1.0, 2 ± 0.4, and 1.7 ± 0.5 eosinophils per villus in comparison with eotaxin-deficient mice, which had 0.52 ± 0.14, 0.09 ± 0.02, and 0.05 ± 0.03 eosinophils per villus, respectively (data not shown). Next we examined other gastrointestinal segments in order to determine if eotaxin had a similar role in other regions of the gastrointestinal tract. Interestingly, eosinophils were rarely encountered in any segments of the gastrointestinal tract of eotaxin-deficient mice (Figure 5b ). The eosinophil numbers (mean ± SEM) in the stomach, cecum, and colon of wild-type mice were 36.7 ± 7.5, 69.3 ± 14, and 39 ± 10 cells/mm 2 , respectively. Eotaxin gene-targeted mice had 2.6 ± 0.6, 8.9 ± 2.9, and 7.4 ± 2.8 cells/mm 2 , respectively (Figure 5b) . No significant differences were observed in the levels of bone marrow and peripheral blood eosinophils in these 2 groups of mice (Table 1) . As a control, we also examined the level of gastrointestinal eosinophils in mice that were deficient in another CC chemokine gene, MIP-1α. These gene-targeted mice did not have an alteration in the level of gas-
Figure 4
Northern analysis of chemokine expression in the gastrointestinal tract. Total RNA (20 µg) from various gastrointestinal segments of wild-type 129 SvEv mice was electrophoresed and transferred to a membrane that was hybridized under conditions of high stringency with cDNA probes for murine eotaxin, MCP-1, MCP-2, MCP-3, MCP-5, RANTES, and MIP-1α, using methods described previously (17) . Control RNA is derived from the lungs of IL-4 transgenic Clara cell lung in transgenic mice (39) . Each lane represents RNA from a different animal, except the lanes for the tongue and esophagus, which were pooled from multiple animals. Autoradiographs were exposed for 1-2 days. The chemokine cDNA probes were described previously (16) , except for MCP-2, which has recently been cloned (M.N. Sarafi and A.D. Luster, unpublished data). The ethidium bromide-stained gel (EtBr) is also shown.
trointestinal eosinophils when compared with wild-type mice (2.2 ± 0.3 vs. 2.4 ± 0.5 eosinophils per villus in MIP-1α-deficient and wild-type mice, respectively).
Eotaxin is required for IL-5-mediated increases in gastrointestinal eosinophils.
In light of known synergistic effects between eotaxin and IL-5 (6, 34, 35) , we examined the relationship between eotaxin and IL-5 in regulating gastrointestinal eosinophil levels. Transgenic mice that overexpress IL-5 under control of the T-cell promoter CD2 have an increase of approximately 10-to 20-fold in the number of eosinophils in the hematopoietic organs (Table 1) (7). Because T cells also reside in the gastrointestinal tract, and local overexpression of IL-5 can promote eosinophil accumulation (48), we hypothesized that these transgenic mice would have increased levels of gastrointestinal eosinophils. IL-5 transgenic mice were demonstrated to have a 4-fold increase in the level of eosinophils in the lamina propria of the small intestine compared with wild-type mice ( Figure 6 ). Interestingly, IL-5 transgenic mice also had increased eosinophils in the esophagus (wild-type and IL-5 transgenic mice had 0.44 ± 0.23 and 21.6 ± 6.9 eosinophils/mm 2 , respectively [mean ± SEM, n = 3-4]) (data not shown). To test the dependency of gastrointestinal eosinophil levels on eotaxin in the presence of elevated levels of IL-5, we generated mice that were transgenic for IL-5 and deficient in eotaxin. These mice had a significantly reduced level (∼10%) of eosinophils within the jejunum compared with IL-5 transgenic mice that contained wild-type eotaxin ( Figure 6 ). Furthermore, the IL-5 transgenic mice that were deficient in eotaxin had levels of circulating eosinophils that were more than 2-fold higher than in IL-5 transgenic mice that had wild-type eotaxin (Table  1) . Collectively, these data suggest that the elevation in circulating eosinophils was a consequence of inhibition of eosinophil recruitment into the gastrointestinal tract in the absence of eotaxin. Furthermore, the data indicate that eotaxin, even in the presence of high levels of IL-5 and circulating eosinophils, is critical for maintaining gastrointestinal eosinophil levels.
IL-5 and GM-CSF partially regulate gastrointestinal eosinophils.
We have shown that overexpression of IL-5 in T cells is associated with an increase in the level of gastrointestinal eosinophils. We were also interested in determining if physiological levels of IL-5 and the related cytokine GM-CSF were involved in the regulation of baseline levels of gastrointestinal eosinophils. These cytokines are not only involved in the production of eosinophils from progenitor cells, but they can also regulate eosinophil survival in tissues (49, 50) . Additionally, activated eosinophils and eosinophils exposed to tissue components such as fibronectin have been shown to produce these cytokines -GM-CSF in particular (51) . It has been hypothesized that an autocrine process may be responsible, at least in part, for eosinophil tissue survival. We therefore examined eosinophil levels in IL-5-and GM-CSF-deficient mice. The IL-5-deficient mice, but not the GM-CSF-deficient mice (data not shown), had ∼50% fewer gastrointestinal eosinophils compared with age-, sex-, and background-controlled mice ( Figure  7a ). We next examined mice that were deficient in the functional receptor for IL-5 and GM-CSF (βc gene-targeted mice). The βc-deficient mice (C57BL/6) had ∼80% fewer gastrointestinal eosinophils compared with control mice (Figure 7b ). We know that the effect of IL-5 and βc was not restricted to the gastrointestinal tract because mice deficient in these molecules had a reduction of ∼75% in levels of circulating eosinophils (Table 1) . These data suggest that GM-CSF and IL-5 have a combined effect in regulating eosinophil levels in the gastrointestinal tract; however, this effect appears to be secondary to their effect on regulating the pool of circulating eosinophils.
Gastrointestinal eosinophils are partially reduced in lymphocyte-deficient mice. T cells and their products (e.g., IL-5) are known to regulate the development of peripheral blood eosinophilia and eosinophil infiltrates into the lung after allergen challenge (52) . We therefore wanted to analyze the role of T cells in the maintenance of gastrointestinal eosinophil levels at baseline. Athymic nude mice are deficient in the majority of T cells and have been shown to have impaired eosinophil responses to allergens and parasites (53) . However, these mice had no difference in the level of eosinophils in the jejunum (1.7 ± 0.3 vs. 1.07 ± 0.15 [mean ± SEM, n = 8] for control and athymic mice, respectively). To evaluate further the role of residual T cells (e.g., intraepithelial γδ T cells) and B cells in the athymic nude mice, mice deficient in RAG-1 were examined (Figure 8 ) (37) . These mice were found to have a reduction of ∼50% in jejunum eosinophils compared with strain-matched controls. Analysis of blood and bone marrow levels of eosinophils in the RAG-1-deficient and athymic nude mice revealed significant increases in eosinophils (Table 1 ). These data indicate that in contrast to their critical role in regulating eosinophils during inflammatory conditions, lymphocytes do not have a major role in maintaining homeostatic levels of eosinophils in the gastrointestinal tract.
Discussion
We have characterized the processes involved in regulating eosinophil levels in the gastrointestinal tract, the location where most eosinophils reside at baseline. Several novel processes involved in regulating eosinophil levels in the gastrointestinal tract have been elucidated. First, we demonstrate that eosinophil accumulation in the gastrointestinal tract commences during embryonic development. By late gestation and in the perinatal period, eosinophil concentrations in the intestine are comparable to those in the adult. This is in marked contrast to other resident intestinal leukocytes. For example, mast cells home into the intestine prenatally, but their levels are low and do not reach adult levels until 1-2 months of age (43, 44) . Similarly, most lymphocytes home into the gastrointestinal tract postnatally and approach adult levels only by 2 months of age (45, 46) . Second, we show that eosinophil levels in the intestine are not dependent upon the presence of viable intestinal flora, demonstrating that eosinophil homing into the intestine is not triggered by low-grade chronic inflammation initiated by bacterial colonization. It is worth noting that we have not ruled out the role of enteric antigens in this process, since the germ-free mice still have exposure to bacterial antigens. Third, we demonstrate that eotaxin is ubiquitously expressed in the gastrointestinal tract and has a central role in maintaining the level of eosinophils in all gastrointestinal segments that normally have resident eosinophils. The critical role of eotaxin is further revealed in the eotaxin-deficient and IL-5 transgenic mice. IL-5 transgenic mice that are genetically engineered to be deficient in eotaxin have increased circulating eosinophils; however, they have a significant reduction in the level of their gastrointestinal eosinophils relative to IL-5 transgenic mice that have the wild-type eotaxin gene. This highlights the unique role of eotaxin in regulating eosinophil accumulation in the gastrointestinal tract at baseline, even in the presence of elevated levels of IL-5. Fourth, we demonstrate that although eotaxin is required for the maintenance of gastrointestinal eosinophil levels, eotaxin alone is unlikely to be sufficient, because the upper gastrointestinal tract (tongue and esophagus) expresses abundant eotaxin mRNA but has very low levels of eosinophils. Finally, we demonstrate that in contrast to eotaxin, other cytokines such as GM-CSF and IL-5 are only partially involved in regulating baseline levels of gastrointestinal eosinophils. In fact, mice deficient in the function of these cytokines have significantly reduced levels of circulating eosinophils, suggesting that their effect in the gastrointestinal tract is not tissue specific.
The processes involved in regulating baseline eosinophilopoiesis are less well understood than the processes regulating eosinophilia during inflammatory conditions. For example, IL-5 deficiency markedly attenuates peripheral blood and pulmonary eosinophilia after allergen challenge in the lung (8), yet mice deficient in this cytokine do not have appreciable reductions in eosinophilopoiesis in the bone marrow (Table 1) . However, these mice (along with βc-deficient mice) have reduced eosinophil levels in the peripheral blood, indicating that IL-5 and/or GM-CSF are more critical in regulating bone marrow release than eosinophil development. Furthermore, mice deficient in lymphocytes (athymic nude or RAG-1-deficient mice) have modest increases in blood and bone marrow eosinophils ( Table 1) .
The gastrointestinal tract is known to harbor the largest reservoir of lymphoid tissue in the body. As a result, understanding the molecular and cellular processes regulating lymphocyte homing into the gastrointestinal tract has been an active area of investigation. Elegant studies have shown that gastrointestinal lymphocytes are unique when compared with peripheral lymphocytes, based on the expression pattern of specific receptors and cytokines and the use of unique homing molecules. As with gastrointestinal lymphocytes, the gastrointestinal tract also harbors a large proportion of eosinophils. The α4β7 integrin is coexpressed by eosinophils and lymphocytes (54) (55) (56) , and the latter cells are known to use this pathway for homing into the same regions in which gastrointestinal eosinophils reside. We propose that the adhesion molecules required for eosinophil baseline homing into the gastrointestinal tract are likely to involve α4β7 interaction with mucosal addressin cell adhesion molecule-1 (MAdCAM-1). In support of this, mice deficient in α4β7 have elevated levels of peripheral blood eosinophils at baseline (57) . Conservative estimates indicate that most eosinophils actually reside in the gastrointestinal tract rather than in hematopoietic organs. Possible functions of gastrointestinal eosinophils include having a role in innate immunity to infectious agents such as parasites. Eosinophils express complement receptors that can be used to mediate cellular cytotoxicity against helminths. Additionally, through their production of pleiotropic cytokines, eosinophils may have an immunomodulatory role (e.g., regulation of IgA production) or a role in maintaining tissue integrity. Further studies are needed to define the biological function and phenotypic characterization of gastrointestinal eosinophils.
In summary, these investigations dissect the cellular and molecular mechanisms involved in eosinophil homing into the gastrointestinal tract. We demonstrate that eosinophil localization within the gastrointestinal tract occurs early in development and is independent of the presence of viable intestinal flora. Furthermore, we demonstrate that eosinophil levels in the gastrointestinal tract are predominantly modulated by eotaxin and less significantly by IL-5, GM-CSF, and lymphocytes. The demonstration that eosinophils normally reside in the gastrointestinal tract and are markedly increased in a variety of diseases underscores the importance of delineating these processes and their implications in diseased states of the gastrointestinal tract.
